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1

PROTECTIVE SHEETS, ARTICLES, AND
METHODS

BACKGROUND OF THE INVENTION

The present invention relates generally to sheets useful for
protecting surfaces, methods of making and using the same,
and articles comprising applied sheets of the invention.

A variety of protective sheets are known. Many of those
are based on one or more polyurethane layers. Polyurethane
chemistries generally provide one or more properties includ-
ing the following: environmental resistance, chemical resis-
tance, abrasion resistance, scratch resistance, optical trans-
parency, and other often desirable properties.

There are many commercially available single-layer poly-
urethane films from a variety of suppliers such as Stevens
Urethane (Easthampton, Mass.) and entrotech, Inc. (Colum-
bus, Ohio). Single-layer polyurethane films have been found
useful as carrier layers in multi-layer sheet applications.
Such films, however, have found limited use by themselves
for protection of certain types of surfaces. For example,
protection of painted surfaces often requires retention of the
glossy appearance otherwise provided by a recently painted
surface. One of the problems associated with single-layer
polyurethane films is their often inadequate ability to retain
the glossy appearance desired.

Attempts have been made to combine polyurethane films
with other materials in the form of a multi-layer protective
sheet in order to improve properties of the films, such as
gloss retention. In some cases, an exterior (or topcoat) layer
is applied to a polyurethane carrier layer in order to impart
improved gloss retention.

Several protective sheets are readily available on the
market today. For example, Minnesota Mining & Manufac-
turing Co. (“3M”) in St. Paul, Minn., markets polyurethane-
based sheet “Paint Protection Film” under the SCOTCH-
GARD product line. As another example, Venture Tape
Corp. in Rockland, Mass., markets such sheets (e.g., desig-
nated by product numbers 7510, 7512, and 7514) using the
VENTURESHIELD trade designation. Avery Dennison in
Strongsville, Ohio markets polyurethane products using the
STONESHIELD trade designation. Known sheets for paint
protection claim to have a certain degree of non-yellowing
properties, gloss retention, and/or abrasion and chemical
resistance. Yet, the degree of these properties and/or the
ability of the sheets to exhibit such properties long-term are
still in need of improvement.

U.S. Pat. No. 5,034,275 refers to a paint-coated sheet
material. The material purportedly comprises a flexible and
stretchable thermoplastic polyester carrier film, a stretchable
aqueous polyurethane paint layer, a stretchable transparent
crosslinked polyurethane topcoat layer and, disposed
between the carrier film and the paint layer, a thin tie layer
formed by coating on the carrier film an aqueous dispersion
of a neutralized copolymer of ethylene and an ethylenically
unsaturated carboxylic acid. The thickness of the cross-
linked polyurethane topcoat layer is stated to be substan-
tially thicker than the paint layer, which is stated to have a
thickness of 0.012 to 0.08 millimeter. In that regard, the
topcoat layer has a thickness in the range of about 0.02 to
0.25 millimeter, preferably from about 0.03 to 0.1 millime-
ter.

U.S. Pat. No. 5,114,789 describes a decorative sheet
material having a transparent topcoat that can be bonded to
various substrates, such as exterior automotive panels, as a
protective and decorative coating. The sheet material com-
prises a thin carrier film, a paint layer adhered to one surface
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of the carrier film, and a crosslinked topcoat layer. That
topcoat layer is stated to be “extremely thick™ and at least 0.1
millimeter in embodiments described.

U.S. Pat. No. 5,242,751 describes a paint composite
article including a thermally deformable carrier film having,
on its first major surface, an adhesive layer and, on its
second major surface, a paint layer consisting of a pig-
mented basecoat covered by a polyurethane topcoat layer.

U.S. Pat. No. 5,268,215 describes a paint-coated film
purportedly having good mar resistance. A polyurethane
paint layer is coated on a polymeric carrier film. Coated on
the upper surface of the paint layer is a polyurethane
clearcoat layer, which is then coated with a polyurethane-
siloxane topcoat layer. The film can purportedly be thermo-
formed, stretched, and bonded adhesively to auto body parts,
boats, household appliances, and other substrates as protec-
tive and decorative coverings having a basecoat-clearcoat
appearance.

U.S. Pat. No. 5,468,532 describes a multi-layer graphic
article with a color layer. It is based on a polymeric film that
is covered with a protective surface layer to purportedly
make the article weatherable and resistant to chemical
exposure. The protective surface layer is described as being
apolyurethane-based material in an exemplary embodiment.

U.S. Pat. No. 6,132,864 describes a painted plastic film,
which is coated with two or more coats. It consists of a base
plastic film, which is first coated with a filler composition,
followed by a pigmented paint coating, and then coating
with a transparent plastic film. The base plastic film can be
a polyolefin, a polyamide, a polyurethane, a polyester, a
polyacrylate, a polycarbonate or mixture of different poly-
meric substances. The filler composition is described as a
composition containing a binder and crosslinking agent
among other components. The pigmented paint coating is
described as a topcoat comprising a polymeric binder,
without or without a crosslinking agent, and a pigment or
mixture of pigments. The transparent plastic film is
described as being one of the same materials suitable for use
as the base film. The multi-layer sheets described therein
purportedly have good resistance to stone chipping and
corrosion.

U.S. Pat. No. 6,383,644 describes a multi-layer sheet
comprising an exterior protective crosslinked polyurethane
layer. Internal to the sheet is a polymeric film. On the first
major side of the polymeric film, which could also be
polyurethane, is the exterior crosslinked polyurethane layer.
On the opposite side of the polymeric film is an adhesive
layer for adherence of the sheet to a surface after removal of
a release liner thereon. The crosslinked polyurethane layer is
polycarbonate-based and comprises the reaction product of
a polycarbonate polyol or a polycarbonate polyamine and an
aliphatic polyisocyanate.

While some protective sheets are known to have one or
more desirable properties, it is highly desirable to provide
sheets having a combination of properties including: non-
yellowing, gloss retention, and extensibility.

BRIEF SUMMARY OF THE INVENTION

Multi-layer protective sheets of the invention are exten-
sible. They are useful in a range of indoor and outdoor
applications in, for example, the transportation, architectural
and sporting goods industries. The protective sheets can
advantageously be applied to at least a portion of a surface
of any article where protection is desired. The surface to be
protected can be painted or unpainted.
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Particularly desirable is a sheet having a combination of
not only gloss retention and extensibility, but also resistance
to yellowing. For example, if a sheet yellows after prolonged
exposure to ultraviolet radiation, the sheet can become
visible on the substrate to which it is applied. If the sheet
develops even a slight yellow tint, it may not be desirable to
apply it to a substrate with a light paint color, such as white.
In exemplary embodiments, protective sheets of the inven-
tion have a previously unobtainable combination of desired
properties including: non-yellowing, gloss retention, and
extensibility. Due to the non-yellowing properties of such
protective sheets, distortion of the underlying surface’s color
and undesired visibility of the protective sheet are mini-
mized.

Methods of the invention include those for applying
protective sheets of the invention to articles. Such articles
include, for example, motorized vehicles and bicycles
amongst a multitude of other applications. Particularly when
applying protective sheets to non-planar surfaces, extensi-
bility is important. If a sheet is not very extensible, micro-
cracking can occur when the film is stretched too far. Relief
cuts may be needed in that case in order to apply such sheets
to substrates, particularly those having a complex surface of
convex and concave features. Advantageously, extensible
protective sheets of the invention address those undesirable
features of conventional protective sheets.

According to an exemplary embodiment of the invention,
an extensible multi-layer protective sheet comprises a carrier
layer; a polyurethane-based topcoat layer; and an adhesive
layer. According to another embodiment, an extensible
multi-layer protective sheet of the invention comprises a
carrier layer; and an essentially uncrosslinked topcoat layer.
According to a further embodiment of the latter, the topcoat
layer can be polyurethane-based.

Polyurethane-based topcoat layers can include any suit-
able polyurethanes, such as polycarbonate-based polyure-
thanes. The topcoat layer can also comprise a silicone
polymer according to further embodiments.

The carrier layer can comprise multiple individual film
layers or a single film layer. The carrier layer can be, for
example, polyurethane-based. In preferred embodiments,
the carrier layer is essentially uncrosslinked.

In certain embodiments, protective sheets of the invention
can also comprise an adhesive layer, such as for example a
pressure-sensitive adhesive. Prior to use, the adhesive layer
can be protected by a conventional release liner. In addition,
prior to use, a carrier film can be positioned on an exterior
surface of the topcoat layer.

Protective sheets of the invention, by virtue of their being
extensible, exhibit superior performance and handling prop-
erties. In one embodiment, a protective sheet of the inven-
tion is capable of elongating more than 200% before break-
ing.

In another embodiment, a protective sheet of the inven-
tion exhibits essentially no plastic deformation when
stretched up to about 125% of its initial length. In a further
embodiment, a protective sheet of the invention exhibits
essentially no plastic deformation when stretched up to
about 150% of its initial length. Preferably, a force of less
than about 40 Newtons is required to elongate the sheet to
150% its initial length.

In still another embodiment, a protective sheet of the
invention exhibits greater than about 210% elongation at
break when tested according to ASTM D638-95. In a further
embodiment, a protective sheet of the invention exhibits
greater than about 260% elongation at break when tested
according to ASTM D638-95. In a still further embodiment,
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a protective sheet of the invention exhibits greater than
about 300% elongation at break when tested according to
ASTM D638-95. In yet another embodiment, a protective
sheet of the invention exhibits greater than about 350%
elongation at break when tested according to ASTM D638-
9s.

A method for forming a protective sheet of the invention
comprises steps of: forming a carrier layer; forming an
adhesive layer on a first side of the carrier layer; forming a
topcoat layer on a carrier film; thermally bonding the topcoat
layer to a second side of the carrier layer opposite from the
adhesive layer to form an assembly; and optionally, remov-
ing the carrier film from the topcoat layer. Another embodi-
ment of a method for forming a protective sheet of the
invention comprises steps of: forming a carrier layer; form-
ing an adhesive layer on a first side of the carrier layer; and
forming a topcoat layer on a second side of the carrier layer
opposite from the adhesive layer. In further embodiments,
the method can comprise steps of: contacting the topcoat
layer with a smooth plastic film; and heating the topcoat
layer and plastic film to form a smooth surface on the
topcoat layer.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is directed toward improved multi-
layer protective sheets. The protective sheets are advanta-
geously, not only capable of protecting a surface, but also
extensible to enable protection and ease of application to
non-planar surfaces.

The terms “extensible” and “extensibility” refer to a
material’s ductility and its ability to be stretched and recover
to essentially its original state after stretching. Extensible
sheets are capable of recovering to their original state when
stretched (i.e., elongated) up to about 125% of their initial
length or more. Preferably, extensible sheets are capable of
recovering to their original state when stretched up to about
150% of their initial length or more. According to one aspect
of the invention, extensible sheets are capable of elongating
more than 200% before breaking. Further preferable are
extensible sheets that exhibit essentially no plastic deforma-
tion when stretched up to about 150% of their initial length.

According to one aspect of the invention, extensible
sheets of the invention exhibit greater than about 210%
elongation at break when tested according to the Tensile
Testing Method described below. In a further embodiment,
extensible sheets of the invention exhibit greater than about
260% elongation at break when tested according to the
Tensile Testing Method described below. In a still further
embodiment, extensible sheets of the invention exhibit
greater than about 300% elongation at break when tested
according to the Tensile Testing Method described below. In
a further embodiment still, extensible sheets of the invention
exhibit greater than about 350% elongation at break when
tested according to the Tensile Testing Method described
below.

According to another aspect of the invention, extensible
sheets of the invention exhibit less than about 3% deforma-
tion after 25% elongation when tested according to the
Recovery Testing Method described below. In a further
embodiment, extensible sheets of the invention exhibit less
than about 2% deformation after 25% elongation when
tested according to the Recovery Testing Method described
below. In a still further embodiment, extensible sheets of the
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invention exhibit less than about 1% deformation after 25%
elongation when tested according to the Recovery Testing
Method described below.

According to another aspect of the invention, extensible
sheets of the invention exhibit less than about 8% deforma-
tion after 50% elongation when tested according to the
Recovery Testing Method described below. In a further
embodiment, extensible sheets of the invention exhibit less
than about 5% deformation after 50% elongation when
tested according to the Recovery Testing Method described
below. In a still further embodiment, extensible sheets of the
invention exhibit less than about 2% deformation after 50%
elongation when tested according to the Recovery Testing
Method described below.

According to another aspect of the invention, extensible
sheets of the invention require a force of less than about 40
Newtons to elongate the sheet to 150% its initial length. In
a further embodiment, extensible sheets of the invention
require a force of less than about 30 Newtons to elongate the
sheet to 150% its initial length. In yet a further embodiment,
extensible sheets of the invention require a force of less than
about 20 Newtons to elongate the sheet to 150% its initial
length.

Protective sheets of the invention comprise at least a
carrier layer and a topcoat layer. In further embodiments,
protective sheets of the invention comprise the following
layers in order: a topcoat layer, a carrier layer, and an
adhesive layer. The use of multiple sheets according to the
invention imparts flexibility in design of protective sheets of
the invention. While there may be protective sheets that do
not involve each of a topcoat layer, carrier layer, and
adhesive layer, each of those individual layers is generally
present according to preferred embodiments of the invention
in order to maximize performance properties thereof.

Topcoat Layer

In general, the non-adhesive layer adjacent the carrier
layer in protective sheets of the invention is referred to as the
“topcoat layer.” Any suitable type of material can be used for
the topcoat layer in order to provide extensible protective
sheets of the invention. For example, the topcoat layer can
comprise as its base polymer a polycarbonate, a polyvinyl
fluoride, a poly(meth)acrylate (e.g., a polyacrylate or a
polymethacrylate), a polyurethane, modified (e.g., hybrid)
polymers thereof, or combinations thereof.

Preferably, to maximize gloss retention, soil resistance,
and other desirable performance properties, the topcoat layer
is of relatively high molecular weight. That is, while the
topcoat layer can be formed by extrusion according to some
embodiments of the invention, the topcoat layer is prefer-
ably of a sufficient molecular weight that extrusion thereof
is not practical (i.e., if a polyurethane, the polyurethane is
not considered extrusion-grade polyurethane by those of
ordinary skill in the art).

The topcoat layer of the invention provides improvements
for many applications, such as for example, when sheets of
the invention are used as protective sheets for non-planar
surfaces. Sheets of the invention were found to be signifi-
cantly more extensible than certain commercially available
protective sheets having a crosslinked topcoat layer. Accord-
ingly, in a further embodiment, unlike many conventional
protective sheets, protective sheets of the invention com-
prise an essentially uncrosslinked topcoat layer. In many
applications where protective sheets are used, the potential
benefits imparted by crosslinking an exterior layer were
substantially outweighed by the significantly improved
extensibility provided by sheets of the invention.
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Any suitable additives can be present in conjunction with
the base polymer in the topcoat layer. Other additives are
selected as known to those skilled in the art based on the
intended application. For example, silicone polymers and/or
fluoropolymers can be added to the topcoat layer for
improved mar resistance in certain applications. Those
skilled in the art are readily able to determine the amount of
such additives to use for the desired effect. In an exemplary
embodiment, mar resistance is improved with addition of up
to about 1% by weight of a silicone polymer or fluoropo-
lymer to the topcoat layer.

While the use of certain amounts of crosslinker may still
allow formation of extensible sheets of the invention, if
crosslinkers are present, they are generally used in an
amount of less than about 4 parts by weight, and preferably
less than about 2 parts by weight, based on 100 parts by
weight of any polymer crosslinkable therewith prior to any
crosslinking reaction. Further, crosslinkers may be present if
they are not used in combination with polymers that are
crosslinkable therewith or where, if crosslinkable, resulting
crosslink density is minimal (e.g., due to minimal reactive
sites on the base polymer) so as not to significantly affect
extensibility of the sheet. In a preferred embodiment, the
topcoat layer is essentially free of crosslinkers and reaction
products thereof. As such, crosslinkers and reaction products
are not discernible when using chemical analysis.

In one embodiment, the topcoat layer has a thickness of
about 1 micron to about 125 microns, or more specifically
about 3 microns to about 95 microns. In an exemplary
embodiment, the topcoat layer has a thickness of about 20
microns or less, more specifically about 5 microns to about
15 microns.

According to one aspect of the invention, a topcoat layer
of the desired thickness is formed using dispersion chemis-
try. Dispersion chemistry is well known to those skilled in
the art. While the % solids will vary, in one embodiment, a
dispersion having about 10-15% solids was found useful for
formation of the topcoat layer.

To protect the topcoat layer of the sheet, a polymer liner
(e.g., a clear polyester liner) or the like may be used and
removed before or after the sheet is applied to a substrate.

Carrier Layer

The term “carrier layer” is used herein to refer to the
layer(s) of film adjacent to the topcoat layer and between the
topcoat layer and the adhesive layer when the adhesive layer
is present. In general, the carrier layer of protective sheets of
the invention is referred to as a “mid-ply layer” when it
contains multiple layers (i.e., “n” number of individual
layers). However, the carrier layer of protective sheets of the
invention can be a single film layer according to other
embodiments of the invention.

Any suitable chemistry can be used for the carrier layer.
Suitable base polymers include, for example, polyvinyl
chloride, polyvinyl acetate, polypropylene, polyester, poly
(meth)acrylate, polyethylene, and polyurethane, and rubbery
resins (e.g., silicone elastomers). According to one embodi-
ment, the carrier layer comprises a relatively clear, UV-
stable resin such as, for example, a silicone.

When multiple layers form the carrier layer, each of the
“n” individual layers can be the same or different chemis-
tries. In an exemplary embodiment, each of the “n” indi-
vidual layers has essentially the same chemistry.

Any suitable additives can be present in the carrier layer.
Other additives are selected as known to those skilled in the
art based on the intended application. Those skilled in the art
are readily able to determine the amount of such additives to
use for the desired effect.
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While the use of certain amounts of crosslinker may still
allow formation of extensible sheets of the invention, if
crosslinkers are present, they are generally used in an
amount of less than about 4 parts by weight, and preferably
less than about 2 parts by weight, based on 100 parts by
weight of any polymer crosslinkable therewith prior to any
crosslinking reaction. Further, crosslinkers may be present if
they are not used in combination with polymers that are
crosslinkable therewith or where, if crosslinkable, resulting
crosslink density is minimal (e.g., due to minimal reactive
sites on the base polymer) so as not to significantly affect
extensibility of the sheet. In a preferred embodiment, the
carrier layer is essentially free of crosslinkers and reaction
products thereof. As such, crosslinkers and reaction products
are not discernible when using chemical analysis.

To further impart desired performance properties, elastic
modulus of the carrier layer is similar to the elastic modulus
of the topcoat layer in an exemplary embodiment of the
invention. One way in which this beneficial property is
obtained is through the use of both a topcoat layer and a
carrier layer that are essentially uncrosslinked.

According to one embodiment of the invention, the carrier
layer has a thickness of about 5 microns to about 1,250
microns. Each of the “n” number of individual film layers
therein can be as thin as about 5 microns and up to about 50
microns in thickness, the presence of thicker layers being
particularly useful for ballistic applications. However, to
impart greater extensibility, a carrier layer having a thick-
ness of about 220 microns or less is used according to one
aspect of the invention. According to further aspects, the
carrier layer has a thickness of about 180 microns or less.
For example, the carrier layer can have a thickness of about
120 microns to about 180 microns. Not only is extensibility
of the carrier layer, and hence overall protective sheet,
enhanced by using a thinner carrier layer, overall cost of the
sheet is reduced in this manner.

Adhesive Layer

When included within protective sheets according to
further embodiments of the invention, the adhesive layer is
present adjacent the carrier layer and opposite from the
topcoat layer. Any suitable adhesive can be used for the
adhesive layer according to the invention. In a preferred
embodiment, the adhesive layer comprises a pressure-sen-
sitive adhesive.

While any suitable chemistry can be used for the base
polymer in the adhesive layer, (meth)acrylate—acrylate and
methacrylate—chemistry is preferred. However, other suit-
able chemistries are known to those skilled in the art and
include, for example, those based on synthetic and natural
rubbers, polybutadiene and copolymers thereof, polyiso-
prene or copolymers thereof, and silicones (e.g., polydim-
ethylsiloxane and polymethylphenylsiloxane). Any suitable
additives can be present in conjunction with the base poly-
mer in the adhesive layer.

In particular, an adhesive based on 2-ethyl hexyl acrylate,
vinyl acetate, and acrylic acid monomers polymerized as
known to those skilled in the art was found useful in one
embodiment of the invention. The adhesive can be cross-
linked, for example, using conventional aluminum or
melamine crosslinkers.

In one embodiment, the adhesive layer has a thickness of
about 5 microns to about 150 microns. In a further embodi-
ment, the adhesive layer has a thickness of about 30 microns
to about 100 microns. However, the thickness of the adhe-
sive layer can vary substantially without departing from the
spirit and scope of the invention.
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Until its application on a surface, the adhesive layer can
be protected using, for example, a conventional release liner.
As such, the sheet can be stored and shipped easily in roll or
other forms until its application.

In an exemplary embodiment, protective sheets of the
invention are polyurethane-based in that they comprise at
least one polyurethane-based layer. According to one aspect
of this embodiment, polyurethane-based sheets of the inven-
tion comprise a polyurethane-based topcoat layer, a carrier
layer, and optionally an adhesive layer. See U.S. Pat. No.
4,476,293 for a description of exemplary polycarbonate-
based polyurethanes useful for the topcoat layer of the
invention.

According to another aspect of this embodiment, the
carrier layer is a polyurethane-based layer. For cost-effi-
ciency, the polyurethane used for the carrier layer can be any
extrusion grade polyurethane, such as those available from
Stevens Urethane of Easthampton, Mass. For example,
extrudable aliphatic polyurethanes designated SS-1219-92
and SS-2219-92 are available from Stevens Urethane for this
purpose. However, the carrier layer need not be an extruded
film, but can be prepared in any suitable manner. In one
embodiment, the carrier layer comprises a blown film.

When protective sheets of the invention are polyurethane-
based, each polyurethane-based layer comprises a polyure-
thane film. For simplicity, the term “polyurethane™ as used
herein includes polymers containing urethane (also known
as carbamate) linkages, urea linkages, or combinations
thereof (i.e., in the case of poly(urethane-urea)s). Thus,
polyurethanes of the invention contain at least urethane
linkages and, optionally, urea linkages. In one embodiment,
polyurethane-based layers of the invention are based on
polyurethanes where the backbone has at least about 80%
urethane and/or urea repeat linkages formed during their
polymerization.

Polyurethane chemistry is well known to those of ordi-
nary skill in the art. Polyurethane-based layers of the inven-
tion can contain polyurethane polymers of the same or
different chemistries, the latter commonly understood to be
a polymer blend. Polyurethanes generally comprise the
reaction product of at least one isocyanate-reactive compo-
nent, at least one isocyanate-functional component, and one
or more other optional components such as emulsifiers and
chain extending agents.

Components of polyurethanes are further described
below, with reference to certain terms understood by those
in the chemical arts as referring to certain hydrocarbon
groups. Reference is also made throughout to polymeric
versions thereof. In that case, the prefix “poly” is inserted in
front of the name of the corresponding hydrocarbon group.
Except where otherwise noted, such hydrocarbon groups, as
used herein, may include one or more heteroatoms (e.g.,
oxygen, nitrogen, sulfur, or halogen atoms), as well as
functional groups (e.g., oxime, ester, carbonate, amide,
ether, urethane, urea, carbonyl groups, or mixtures thereof).

The term “aliphatic group” means a saturated or unsatu-
rated, linear, branched, or cyclic hydrocarbon group. This
term is used to encompass alkylene (e.g., oxyalkylene),
aralkylene, and cycloalkylene groups, for example.

The term “alkylene group” means a saturated, linear or
branched, divalent hydrocarbon group. Particularly pre-
ferred alkylene groups are oxyalkylene groups. The term
“oxyalkylene group” means a saturated, linear or branched,
divalent hydrocarbon group with a terminal oxygen atom.
The term “aralkylene group” means a saturated, linear or
branched, divalent hydrocarbon group containing at least
one aromatic group. The term “cycloalkylene group” means
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a saturated, linear or branched, divalent hydrocarbon group
containing at least one cyclic group. The term “oxycy-
cloalkylene group” means a saturated, linear or branched,
divalent hydrocarbon group containing at least one cyclic
group and a terminal oxygen atom. The term “aromatic
group” means a mononuclear aromatic hydrocarbon group
or polynuclear aromatic hydrocarbon group. The term
includes arylene groups. The term “arylene group” means a
divalent aromatic group.

Many commercially available polyurethanes are available
and suitable for use as polyurethane films according to the
present invention. For example, polyurethanes are available
from Thermedics (Noveon, Inc.) of Wilmington, Mass.,
under the TECOFLEX trade designation (e.g., CLA-93AV)
and from Bayer MaterialScience LLC of Pittsburgh, Pa.,
under the TEXIN trade designation (e.g., an aliphatic ester-
based polyurethane suitable as a base polymer for carrier
layers of the invention is available under the trade designa-
tion, TEXIN DP7-3008).

Further, any suitable method can be used for preparation
of polyurethane films for use in polyurethane-based sheets
of the invention. In one embodiment, the polyurethane is
prepared and formed into a film using an extruder. This
method is preferred for preparation of carrier layers of
polyurethane-based sheets of the invention.

In another embodiment, a polyurethane film can be pre-
pared and formed into a film using solution or dispersion
chemistry and film coating techniques known to those
skilled in the art. Such a film can be prepared by reacting
components, including at least one isocyanate-reactive com-
ponent, at least one isocyanate-functional component, and,
optionally, at least one reactive emulsifying compound, to
form an isocyanate-terminated polyurethane prepolymer.
The polyurethane prepolymer can then be dispersed, and
optionally chain-extended, in a dispersing medium to form
a polyurethane-based dispersion that can be cast to form a
polyurethane film. This method is preferred for preparation
of topcoat layers in polyurethane-based sheets of the inven-
tion.

When the polyurethane film is prepared from an organic
solventborne or waterborne system, once the solution or
dispersion is formed, it is easily applied to a substrate and
then dried to form a polyurethane film. As known to those
of ordinary skill in the art, drying can be carried out either
at room temperature (i.e., about 20° C.) or at elevated
temperatures (e.g., about 25° C. to about 150° C.). For
example, drying can optionally include using forced air or a
vacuum. This includes the drying of static-coated substrates
in ovens, such as forced air and vacuum ovens, or drying of
coated substrates that are continuously conveyed through
chambers heated by forced air, high-intensity lamps, and the
like. Drying may also be performed at reduced (i.e., less than
ambient) pressure.

Any suitable isocyanate-reactive component can be used
in this embodiment of the present invention. The isocyanate-
reactive component contains at least one isocyanate-reactive
material or mixtures thereof. As understood by one of
ordinary skill in the art, an isocyanate-reactive material
includes at least one active hydrogen. Those of ordinary skill
in the polyurethane chemistry art will understand that a wide
variety of materials are suitable for this component. For
example, amines, thiols, and polyols are isocyanate-reactive
materials.

However, it is preferred that the isocyanate-reactive mate-
rial be a hydroxy-functional material. Polyols are the pre-
ferred hydroxy-functional material used in the present
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invention. Polyols provide urethane linkages when reacted
with an isocyanate-functional component, such as a polyi-
socyanate.

Polyols, as opposed to monols, have at least two hydroxy-
functional groups. Diols contribute to formation of relatively
high molecular weight polymers without requiring cross-
linking, such as is conventionally introduced by polyols
having greater than two hydroxy-functional groups.
Examples of polyols useful in the present invention include,
but are not limited to, polyester polyols (e.g., lactone poly-
ols) and the alkylene oxide (e.g., ethylene oxide; 1,2-
epoxypropane; 1,2-epoxybutane; 2,3-epoxybutane; isobuty-
lene oxide; and epichlorohydrin) adducts thereof, polyether
polyols (e.g., polyoxyalkylene polyols, such as polypropyl-
ene oxide polyols, polyethylene oxide polyols, polypropyl-
ene oxide polyethylene oxide copolymer polyols, and poly-
oxytetramethylene polyols; polyoxycycloalkylene polyols;
polythioethers; and alkylene oxide adducts thereof), poly-
alkylene polyols, polycarbonate polyols, mixtures thereof,
and copolymers therefrom.

Polycarbonate-based polyurethanes are preferred accord-
ing to one embodiment. It was found that this type of
polyurethane chemistry easily facilitated obtainment of
polyurethane-based sheets with properties desired. See U.S.
Pat. No. 4,476,293 for a description of exemplary polycar-
bonate-based polyurethanes.

In one preferred embodiment, a polycarbonate diol is used
to prepare polycarbonate-based polyurethane according to
the invention. Although polyols containing more than two
hydroxy-functional groups are generally less preferred than
diols, certain higher functional polyols may also be used in
the present invention. These higher functional polyols may
be used alone, or in combination with other isocyanate-
reactive materials, for the isocyanate-reactive component.

For broader formulation latitude, at least two isocyanate-
reactive materials, such as polyols, may be used for the
isocyanate-reactive component. However, as any suitable
isocyanate-reactive component can be used to form the
polyurethane, much latitude is provided in the overall poly-
urethane chemistry.

The isocyanate-reactive component is reacted with an
isocyanate-functional component during formation of the
polyurethane. The isocyanate-functional component may
contain one isocyanate-functional material or mixtures
thereof. Polyisocyanates, including derivatives thereof (e.g.,
ureas, biurets, allophanates, dimers and trimers of polyiso-
cyanates, and mixtures thereof), (hereinafter collectively
referred to as “polyisocyanates™) are the preferred isocya-
nate-functional materials for the isocyanate-functional com-
ponent. Polyisocyanates have at least two isocyanate-func-
tional groups and provide urethane linkages when reacted
with the preferred hydroxy-functional isocyanate-reactive
components. In one embodiment, polyisocyanates useful for
preparing polyurethanes are one or a combination of any of
the aliphatic or aromatic polyisocyanates commonly used to
prepare polyurethanes.

Generally, diisocyanates are the preferred polyisocya-
nates. Useful diisocyanates include, but are not limited to,
aromatic diisocyanates, aromatic-aliphatic diisocyanates,
aliphatic diisocyanates, cycloaliphatic diisocyanates, and
other compounds terminated by two isocyanate-functional
groups (e.g., the diurethane of toluene-2,4-diisocyanate-
terminated polypropylene oxide polyol).

Examples of preferred diisocyanates include the follow-
ing: 2,6-toluene diisocyanate; 2,5-toluene diisocyanate; 2,4-
toluene diisocyanate; phenylene diisocyanate; 5-chloro-2,4-
toluene  diisocyanate;  1-chloromethyl-2,4-diisocyanato
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benzene; xylylene diisocyanate; tetramethyl-xylylene diiso-
cyanate; 1,4-diisocyanatobutane; 1,6-diisocyanatohexane;
1,12-diisocyanatododecane; 2-methyl-1,5-diisocyanatopen-
tane; methylenedicyclohexylene-4,4'-diisocyanate; 3-iso-
cyanatomethyl-3,5,5"-trimethylcyclohexyl isocyanate (iso-
phorone diisocyanate); 2,2.4-trimethylhexyl diisocyanate;
cyclohexylene-1,4-diisocyanate; hexamethylene-1,6-diiso-
cyanate; tetramethylene-1,4-diisocyanate; cyclohexane-1,4-
diisocyanate; naphthalene-1,5-diisocyanate; diphenylmeth-
ane-4,4'-diisocyanate; hexahydro xylylene diisocyanate;
1,4-benzene diisocyanate; 3,3'-dimethoxy-4,4'-diphenyl dii-
socyanate; phenylene diisocyanate; isophorone diisocya-
nate; polymethylene polyphenyl isocyanate; 4,4'-biphe-
nylene diisocyanate; 4-isocyanatocyclohexyl-4'-
isocyanatophenyl methane; and p-isocyanatomethyl phenyl
isocyanate.

When preparing polyurethane dispersions for casting into
layers of polyurethane, the isocyanate-reactive and isocya-
nate-functional components may optionally be reacted with
at least one reactive emulsifying compound according to one
embodiment of the invention. The reactive emulsifying
compound contains at least one anionic-functional group,
cationic-functional group, group that is capable of forming
an anionic-functional group or cationic-functional group, or
mixtures thereof. This compound acts as an internal emul-
sifier because it contains at least one ionizable group. Thus,
these compounds are referred to as “reactive emulsifying
compounds.”

Reactive emulsifying compounds are capable of reacting
with at least one of the isocyanate-reactive and isocyanate-
functional components to become incorporated into the
polyurethane. Thus, the reactive emulsifying compound
contains at least one, preferably at least two, isocyanate- or
active hydrogen-reactive- (e.g., hydroxy-reactive) groups.
Isocyanate- and hydroxy-reactive groups include, for
example, isocyanate, hydroxyl, mercapto, and amine groups.

Preferably, the reactive emulsifying compound contains at
least one anionic-functional group or group that is capable of
forming such a group (i.e., an anion-forming group) when
reacted with the isocyanate-reactive (e.g., polyol) and iso-
cyanate-functional (e.g., polyisocyanate) components. The
anionic-functional or anion-forming groups of the reactive
emulsifying compound can be any suitable groups that
contribute to ionization of the reactive emulsifying com-
pound. For example, suitable groups include carboxylate,
sulfate, sulfonate, phosphate, and similar groups. As an
example, dimethylolpropionic acid (DMPA) is a useful
reactive emulsifying compound. Furthermore, 2,2-dimeth-
ylolbutyric acid, dihydroxymaleic acid, and sulfopolyester
diol are other useful reactive emulsifying compounds. Those
of ordinary skill in the art will recognize that a wide variety
of reactive emulsifying compounds are useful in preparing
polyurethanes for the present invention.

One or more chain extenders can also be used in preparing
polyurethanes of the invention. For example, such chain
extenders can be any or a combination of the aliphatic
polyols, aliphatic polyamines, or aromatic polyamines con-
ventionally used to prepare polyurethanes.

Tlustrative of aliphatic polyols useful as chain extenders
include the following: 1,4-butanediol; ethylene glycol; 1,6-
hexanediol; glycerine; trimethylolpropane; pentaerythritol;
1,4-cyclohexane dimethanol; and phenyl diethanolamine.
Also note that diols such as hydroquinone bis(f3-hydroxy-
ethyl)ether;  tetrachlorohydroquinone-1,4-bis(p-hydroxy-
ethyl)ether; and tetrachlorohydroquinone-1,4-bis(f-hy-
droxyethyl)sulfide, even though they contain aromatic rings,
are considered to be aliphatic polyols for purposes of the
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invention. Aliphatic diols of 2-10 carbon atoms are pre-
ferred. Especially preferred is 1,4-butanediol.

Tustrative of useful polyamines are one or a combination
of the following: p,p'-methylene dianiline and complexes
thereof with alkali metal chlorides, bromides, iodides,
nitrites and nitrates; 4,4'-methylene bis(2-chloroaniline);
dichlorobenzidine; piperazine; 2-methylpiperazine; oxyd-
ianiline; hydrazine; ethylenediamine; hexamethylenedi-
amine; xylylenediamine; bis(p-aminocyclohexyl)methane;
dimethyl ester of 4,4'-methylenedianthranilic acid; p-phe-
nylenediamine; m-phenylenediamine; 4,4'-methylene bis(2-
methoxyaniline); 4,4'-methylene bis(N-methylaniline); 2,4-
toluenediamine; 2,6-toluenediamine; benzidine; 3.,4'-
dimethylbenzidine; 3,3'-dimethoxybenzidine; dianisidine;
1,3-propanediol bis(p-aminobenzoate); isophorone diamine;
1,2-bis(2'-aminophenylthio)ethane; 3,5-diethyl toluene-2,4-
diamine; and 3,5-diethyl toluene-2,6-diamine. The amines
preferred for use are 4,4'-methylene bis(2-chloroaniline);
1,3-propanediol bis(p-aminobenzoate); and p,p'-methylene-
dianiline and complexes thereof with alkali metal chlorides,
bromides, iodides, nitrites and nitrates.

Protective Sheet Formation

In one embodiment, each of the individual layers of the
protective sheet is prepared before assembly into the final
multi-layer protective sheet. Any suitable method for prepa-
ration of each can be used as known to those skilled in the
art.

For preparation of the carrier layer, for example, a film
can be extruded onto a separate carrier film (e.g., polyester
film) to form a supported carrier layer, after which the
supporting carrier film is removed at some point before both
sides of the carrier layer are able to be coated. In one
embodiment, each of the “n” individual layers is cast suc-
cessively onto each layer to form the overall carrier layer.

For preparation of the adhesive layer, any suitable method
can be used. For example, a film of the desired thickness can
be cast onto a release film according to one embodiment and
as known to those skilled in the art. In one embodiment, the
film of adhesive contained on the release film can be
laminated to the unsupported side of the carrier layer, after
which time the supporting carrier film is removed from the
carrier layer for application of the topcoat layer.

For preparation of the topcoat layer, any suitable method
can be used. For example, a topcoat film of the desired
thickness can be cast onto a smooth film (e.g., polyester)
according to one embodiment and as known to those skilled
in the art. In one embodiment, the supported topcoat film is
then laminated to the exposed side of the carrier layer,
opposite from the adhesive layer. The smooth film used for
formation of the topcoat film can remain in the assembly
until application of the sheet to a surface in order to provide
extra protection during shipping and storage of the sheet.

According to this embodiment, any suitable method can
be used to laminate the topcoat layer to the carrier layer. For
example, the topcoat layer can be adhered directly to the
carrier layer using thermal bonding. According to this
method, a preformed topcoat film is adhered to the carrier
layer and bonded using heat and, optionally, pressure.

According to one aspect of this embodiment, thermal
bonding occurs upon application of heat in an amount
sufficient to begin to at least partially melt at least one of the
layers to be bonded. Bonding is further enhanced when both
layers to be bonded begin to at least partially melt. While the
melting temperature of each layer can vary, in those appli-
cations requiring high temperature exposure, it is preferred
that the melting temperature of each of the carrier layer and
the topcoat layer is at least about 120° C. (250° F.).
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While it can vary, if used, generally pressure will be
applied in an amount of up to about 690 Pa (100 psi), or
more typically up to about 345 Pa (50 psi). As an example,
the layers can be adhered according to this method when
contacted for about three seconds with application of heat
150° C. (300° F.) and 140 Pa (20 psi) pressure.

According to another embodiment, at least one of the
adhesive layer and the topcoat layer is formed by direct
coating onto the carrier layer according to conventional
methods. However, this method resulted in sheets having,
for example, a topcoat layer more susceptible to having a
surface marked by an orange peel-type texture. Therefore,
use of the thermal bonding method is preferred.

If the topcoat layer is direct coated, however, a smooth
plastic film (e.g., polyester) can be heat laminated to the
exterior surface of the topcoat layer in order to reduce the
orange peel appearance of the topcoat layer’s surface.
According to this embodiment, the topcoat layer is contacted
with a smooth plastic film and then heated, optionally with
pressure, at a temperature and for a time sufficient to smooth
the surface of the topcoat layer as desired.

While the above-described process relies primarily on
preparation of individual layers and then adhering those
layers together to form the sheet, according to another
embodiment of the invention, some or all of the sheet’s
layers can be formed simultaneously by co-extrusion. As
known to those skilled in the art, co-extrusion often facili-
tates processing efficiency. No matter what method is used,
the process can be a continuous or batch process.

Protective Sheet Use

Beneficially, protective sheets of the invention have good
gloss retention, non-yellowing properties, and extensibility.
Protective sheets of the invention are useful in a range of
indoor and outdoor applications in, for example, the trans-
portation, architectural and sporting goods industries. Exem-
plary applications including those including motorized
vehicles and bicycles, among many other articles. Prefer-
ably, protective sheets of the invention have smooth, glossy
surfaces and a substantially uniform thickness throughout in
order to maximize their capability of providing seemingly
invisible protection to a surface.

During use, a protective sheet is applied to a surface,
preferably in such a way as to conform to the shape of the
surface. Particularly when applying protective sheets to
non-planar surfaces, extensibility is important. If a sheet is
not very extensible, micro-cracking can occur when the film
is stretched too far. Relief cuts may be needed in that case
in order to apply such sheets to substrates, particularly those
having a complex surface of convex and concave features.
However, according to preferred embodiments of the inven-
tion, relief cuts are not necessary when applying protective
sheets of the invention to complex surfaces. Such protective
sheets are readily conformable due to their extensibility.

Protective sheets of the invention can be readily and
easily applied to a surface based on knowledge of those
skilled in the art. When an adhesive layer is included within
the protective sheet, the adhesive layer is generally adhered
to the surface to be protected after removal of any release
liner present thereon to expose the adhesive. When a pres-
sure-sensitive adhesive layer is used, the protective sheet can
be more easily repositioned before being firmly adhered to
a surface. When an adhesive layer is not included within the
protective sheet, the adhesive sheet is otherwise adhered to
a surface using any conventional method, including thermal
or other bonding mechanisms.
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EXAMPLES

Exemplary embodiments and applications of the inven-
tion are described in the following non-limiting examples
and related testing methods.

Tensile Testing Method

For tensile testing, samples were formed into standard
tensile testing specimens according to ASTM D638-95
using designations for Type Il measurements. Tensile testing
was performed according to ASTM D638-95. The rate at
which the jaws holding the specimen were pulled in a tensile
manner was 1.0 millimeter/minute (0.04 inch/minute) to
measure the elastic modulus of the sample, but increased to
300 millimeters/minute (11.8 inches/minute) to obtain the
ultimate tensile strength and elongation data. Test data using
this method is reported in Table 1.

Recovery Testing Method

For recovery testing, a generally rectangular sample hav-
ing an initial length of 25 centimeters (10 inches) and width
of 5 centimeters (2 inches) was prepared. The sample was
stretched in tension until its length exceeded its initial length
by a predetermined percentage (25% or 50%). After recov-
ery equilibrium was obtained (approximately 5-10 minutes),
the length of the relaxed sample was measured and the
sample was qualitatively analyzed for defects or deforma-
tion. The change in length of the sample as compared to the
initial length is reported as its “Percent Deformation” in
Table 2. Note that values reported in Table 2 have a standard
deviation of about plus/minus 0.6%.

Elongation Force Testing Method

Force required to elongate a generally rectangular sample
having an initial length of 12.5 centimeters (5 inches) and
width of 5 centimeters (2 inches) was measured using an
IMASS SP2000 slip/peel tester (available from IMASS,; Inc.
of Accord, Mass.) operating at a speed of 30 centimeters/
minute (12 inches/minute). Two forces were measured for
each sample, those being that required to elongate the
sample to 125% of its initial length and that required to
elongate the sample to 150% of its initial length. The forces
so measured are also reported in Table 2.

Weathering Testing Method

Where indicated, samples were tested for weathering
resistance using a well-known QUYV test method and weath-
erometer. The weathering conditions were as set forth in
ASTM D4329.

Protective Sheet Example 1

A polyurethane-based sheet of the invention was prepared
such that the sheet comprised a carrier layer having a
thickness of 150 microns, a topcoat layer having a thickness
of 18 microns, and an adhesive layer having a thickness of
60 microns. The adhesive layer was adhered to the opposite
side of the carrier layer from the topcoat layer. A standard
release liner was positioned exterior to the adhesive layer,
but was removed prior to testing.

To prepare the sheet, first a 98# polyethylene-coated kraft
paper with silicone coated on one side was used as a release
liner onto which the adhesive layer was formed. The adhe-
sive layer was formed from an adhesive composition pre-
pared by charging a closed vessel with initial components as
follows: 20% by weight 2-ethyl hexyl acrylate, 5% by
weight methyl acrylate, 1% by weight acrylic acid, 37% by
weight ethyl acetate, 7% by weight isopropyl alcohol, 26.1%
by weight toluene, and 3.75% by weight n-propanol. The
weight percentages of each component were based on total
weight of the reaction components, which also included
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0.15% by weight benzoyl peroxide (98%) added in partial
increments. To the initial components, 10% by weight of the
benzoyl peroxide was first added. Then, the components
were charged under a nitrogen atmosphere and using agita-
tion. The vessel was heated at 80° C. until exotherm was
reached. The exotherm was maintained by addition of the
remaining benzoyl peroxide. After the benzoyl peroxide was
depleted and the exotherm was complete, aluminum acetal
acetonate was added to the polymerized solution in the
amount of 0.4% by weight based on solid weight of the
polymer.

This adhesive composition was coated onto the release
liner and dried in a 14-zone oven, at 20 seconds per zone,
with the zone temperatures set as follows: zone 1 (50° C.),
zone 2 (60° C.), zone 3 (70° C.), zone 4 (80° C.), zone 5 (90°
C.), zone 6 (90° C.), zones 7-10 (100° C.), and zones 11-14
(120° C.). With drying, the aluminum acetal acetonate
functioned to crosslink the polymer. The thickness of the
adhesive layer thus formed was 60 microns. The construc-
tion was then run through a chill stack to reduce the
temperature to about 30° C.

A 150-micron-thick film of extruded aliphatic polyure-
thane, available from Stevens Urethane under the trade
designation, SS-2219-92, was then provided and laminated
to the exposed adhesive layer. This further construction was
run through the 14-zone oven and then again chilled to about
30° C.

Meanwhile, an 18-micron-thick film for the topcoat layer
was formed on a 76-micron thick (3-mil-thick) silicone-
coated polyester carrier film. The film was formed by
solution coating the polyurethane-based composition
described below on the supporting carrier film. After the
composition was coated on the carrier film, it was run
through the 14-zone oven and then chilled to about 30° C.

The polyurethane-based composition was prepared by
charging a closed vessel with 7.36% by weight of a hybrid
linear hexane diol/1,6-polycarbonate polyester having ter-
minal hydroxyl groups, 43.46% by weight toluene, 43.46%
by weight isopropyl alcohol, and 0.03% by weight dibutyl
tin laureate. The weight percentages of each component
were based on total weight of the reaction components,
which also included 5.68% by weight isophorone diisocya-
nate added later. The components were charged under a
nitrogen atmosphere and using agitation. After the vessel
was heated to 90° C., 5.68% by weight isophorone diiso-
cyanate was continually added to the vessel through the
resultant exotherm. After the exotherm was complete, the
composition was maintained at 90° C. for one additional
hour while still using agitation.

Once the topcoat layer was thus formed, it was thermally
bonded to the exposed surface of the carrier layer. During
thermal bonding, the carrier layer and the topcoat layer were
contacted for about three seconds with application of heat
150° C. (300° F.) and 140 Pa (20 psi) pressure. Prior to
testing, the release liner and carrier film were removed.

All of the individual components used in preparation of
the protective sheet are readily available from a variety of
chemical suppliers such as Aldrich (Milwaukee, Wis.) and
others. For example, the isopropyl alcohol and toluene can
be obtained from Shell Chemicals (Houston, Tex.).

Samples of the sheet were then tested according to the
Tensile Testing Method, Recovery Testing Method, and
Elongation Force Testing Method described above. Test data
is reported in Table 1 in comparison with that from Com-
parative Sheet Example C1 described below.
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Further, samples of the sheet were tested according to the
Weathering Testing Method described above. After weath-
ering for 500 hours, no visible yellowing was observed by
the unaided human eye.

Finally, samples of the sheet were tested for deglossing by
placing them in an outside environment in the states of
Florida and Arizona for approximately one year. After one
year, no visible deglossing was observed by the unaided
human eye.

Comparative Sheet Example C1

A multi-layer protective sheet available from Minnesota
Mining & Manufacturing Co. of St. Paul, Minn., under the
trade designation, SCOTCHGARD PAINT PROTECTION
FILM SGPPF6, was provided. Samples of the sheet were
then tested according to the Tensile Testing Method, Recov-
ery Testing Method, and Elongation Force Testing Method
described above. Test data is reported in Table 1 in com-
parison with that from Sheet Example 1 described above.

Further, samples of the sheet were tested according to the
Weathering Testing Method described above. After weath-
ering for only 250 hours, visible yellowing was observed by
the unaided human eye.

Finally, samples of the sheet were tested for deglossing by
placing them in an outside environment in the states of
Florida and Arizona for approximately one year. After one
year, no visible deglossing was observed by the unaided
human eye.

TABLE 1
Ultimate
Test Tensile Elastic Elongation
Temperature Strength Modulus at Break
Ex. °CJ/°FR (MPa/psi) (MPa/psi) (%)
1 24/75 58.4/8,460 61/8,800 390
C1 24/75 28.8/4,170 75/11,000 200

As illustrated in Table 1, advantageously the polyure-
thane-based sheet of Sheet Example 1 has an ultimate tensile
strength of 58.4 MPa as compared to the much lower
ultimate tensile strength of the sheet of Comparative Sheet
Example C1, which has a value of 28.8 MPa. It is commonly
understood that ultimate tensile strength is the limit stress at
which a material actually breaks, with a sudden release of
the stored elastic energy therein. In basic terms, ultimate
tensile strength is a measure of how far a material will
stretch before it breaks. The more a material can be
stretched, the easier it will be to apply to a surface. For
example, such materials are able to more easily conform to
complex surfaces, including both concave and convex sur-
faces, without requiring relief cuts. Because of this ease in
application, polyurethane-based sheets of the invention can
readily be installed by those having much less experience
and skill than is typically required for installation of other
types of protective films on the market today. For example,
as relief cuts are not required, not only is installation more
simple, but it also takes less time.

As also illustrated by Table 1, elongation at break mea-
sured for the exemplified polyurethane-based protective
sheet of the invention is superior to that measured for the
conventional protective sheet of Comparative Sheet
Example C1. Elongation at break for Sheet Example 1 was
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measured to be 390%, which is almost double the compa-
rable value of 200%, which was measured with respect to
Comparative Sheet Example C1. It is commonly understood
that elongation at break is a measure of the ductility of a
material as determinable from tensile testing. It is believed
that polyurethane-based sheets of the invention have sig-
nificantly better elongation at break properties due to the
limited crosslinking and other selection of materials therein.
Because of this benefit, polyurethane-based protective
sheets of the invention are able to more easily conform to
complex surfaces, including both concave and convex sur-
faces, as noted above. They are extensible.

TABLE 2

Force Required to Force Required to

Percent Elongate to 125% Percent Elongate to 150%
Deformation  Initial Length ~ Deformation  Initial Length
Sheet After 25% (Newtons/pounds-  After 50% (Newtons/pounds-
Ex.  Elongation force) Elongation force)
1 -0.3 6.1/1.4 -0.6 18.9/4.3
C1 3.1 8.3/1.9 8.8 42.8/9.6

The phenomenon that occurs when a sample does not
retract to its initial length (i.e., recover) after stretching is
generally attributed to plastic deformation. Plastic deforma-
tion prevents a sample from recovering and represents a
permanent change in the shape of a material as a result of the
application of an applied stress. In order to maintain the
integrity of a protective sheet and facilitate secure attach-
ment to a surface, it is preferable for the sheet to recover to
the extent possible. Sheets that do not fully recover com-
plicate the method of their application and often lead to less
than ideal protection of a surface.

As noted in Table 2, samples of Comparative Sheet
Example C1 did not fully recover when elongated even the
relatively small amount of 25%. Plastic deformation when
elongated 50% was even more prevalent. Further, when
qualitatively assessed after 50% elongation, the sample of
Comparative Sheet Example C1 had curled back up on itself,
which rendered it unusable for future applications or testing.
In contrast, samples of the invention (Sheet Example 1) did
not exhibit the curling behavior and remained essentially
flat. It is believed that this is due to the fact that the carrier
layer and the topcoat layer of the samples prepared accord-
ing to Sheet Example 1 have similar modulus properties,
which facilitates return of such sheets to their original
dimensions at normal levels of stretching.

Comparative Sheet Example C2

A sheet was formed as set forth in Sheet Example 1,
except for a topcoat layer was not part of the construction.
Samples of the sheet were tested for deglossing by placing
them in an outside environment in the states of Florida and
Arizona for approximately one year. After one year, visible
deglossing was observed by the unaided human eye. Thus,
a benefit of utilizing a topcoat layer to minimize deglossing
was demonstrated.

Various modifications and alterations of the invention will
become apparent to those skilled in the art without departing
from the spirit and scope of the invention, which is defined
by the accompanying claims. It should be noted that steps
recited in any method claims below do not necessarily need
to be performed in the order that they are recited. Those of
ordinary skill in the art will recognize variations in perform-
ing the steps from the order in which they are recited.
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The invention claimed is:

1. A multi-layer protective sheet consisting essentially of:

a polyurethane-based carrier layer;

an essentially uncrosslinked topcoat layer that is not an

extrusion-grade polyurethane, wherein crosslinkers and
reaction products thereof are not discernible in the
topcoat layer when using chemical analysis;

wherein an outermost adhesive later is present on a side

of the carrier layer opposite from that of the topcoat
layer;

and

optionally, a carrier film on an exterior surface of the

topcoat layer, wherein the sheet is extensible, has a
substantially uniform thickness throughout, and is
essentially invisible on a substrate to which it is
applied.

2. The sheet of claim 1, wherein the carrier layer com-
prises multiple individual film layers.

3. The sheet of claim 1, wherein the carrier layer is
essentially uncrosslinked, wherein crosslinkers and reaction
products thereof are not discernible in the carrier layer when
using chemical analysis.

4. The sheet of claim 1, wherein the topcoat layer is
polyurethane-based.

5. The sheet of claim 1, wherein the topcoat layer com-
prises a polycarbonate-based polyurethane.

6. The sheet of claim 1, wherein the topcoat layer com-
prises a silicone polymer.

7. The sheet of claim 1, wherein the adhesive layer
comprises a pressure-sensitive adhesive.

8. The sheet of claim 1, wherein a release film is present
on an exterior surface of the adhesive layer.

9. The sheet of claim 1, wherein the carrier film on an
exterior surface of the topcoat layer is present.

10. The sheet of claim 1, wherein the sheet is capable of
elongating more than 200% before breaking.

11. The sheet of claim 1, wherein the sheet exhibits
essentially no plastic deformation when stretched up to
about 125% of its initial length.

12. The sheet of claim 1, wherein the sheet exhibits
essentially no plastic deformation when stretched up to
about 150% of its initial length.

13. The sheet of claim 1, wherein the sheet exhibits
greater than about 300% elongation at break when tested
according to ASTM D638-95.

14. The sheet of claim 1, wherein the sheet exhibits
greater than about 350% elongation at break when tested
according to ASTM D638-95.

15. The sheet of claim 1, wherein a force of less than
about 40 Newtons is required to elongate the sheet to 150%
its initial length.

16. An article comprising at least one surface having on
at least a portion thereof the sheet of claim 1.

17. The article of claim 16, wherein the article comprises
a motorized vehicle.

18. The article of claim 16, wherein the article comprises
a bicycle.

19. A method of using the sheet of claim 1 to protect a
surface on a motorized vehicle, the method comprising:

providing the sheet of claim 1; and

applying the sheet to the surface of the motorized vehicle.

20. The method of claim 19, wherein the surface is at least
partially painted.

21. A method of protecting a non-planar surface, com-
prising:

providing the sheet of claim 1; and

applying the sheet to the non-planar surface.
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22. A method for forming the protective sheet of claim 1,
the method comprising steps of:
forming the carrier layer;
forming the adhesive layer on a first side of the carrier
layer;
forming the topcoat layer on the carrier film;
thermally bonding the topcoat layer to a second side of the
carrier layer opposite from the adhesive layer to form
an assembly; and
optionally, removing the carrier film from the topcoat
layer.
23. A method for forming the protective sheet of claim 1,
the method comprising steps of:
forming the carrier layer;
forming the adhesive layer on a first side of the carrier
layer; and
forming the topcoat layer on a second side of the carrier
layer opposite from the adhesive layer.
24. The method of claim 23, further comprising steps of:
contacting the topcoat layer with a smooth plastic film;
and
heating the topcoat layer and plastic film to form a smooth
surface on the topcoat layer.
25. The sheet of claim 1, wherein the carrier layer has a
thickness of about 120 microns to about 180 microns.
26. The sheet of claim 1, wherein the topcoat layer has a
thickness of about 20 microns or less.
27. The sheet of claim 1, wherein the topcoat layer has a
thickness of about 5 microns to about 15 microns.
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28. The sheet of claim 1, wherein the carrier layer is based
on a polyurethane with a backbone having at least about
80% urethane and/or urea repeat linkages formed during its
polymerization.

29. A multi-layer protective sheet consisting of:

a polyurethane-based carrier layer;

an essentially uncrosslinked topcoat layer that is not an

extrusion-grade polyurethane, wherein crosslinkers and

reaction products thereof are not discernible in the

topcoat layer when using chemical analysis;
optionally, an adhesive layer;

optionally, a release film on an exterior surface of the

adhesive layer; and

optionally, a carrier film on an exterior surface of the

topcoat layer,
wherein the protective sheet is extensible, has a substantially
uniform thickness throughout, and is essentially invisible on
a substrate to which it is applied.

30. The sheet of claim 1, wherein no visible yellowing is
observed by an unaided human eye when tested for weath-
ering for 250 hours according to ASTM D4329.

31. The sheet of claim 1, wherein no visible yellowing is
observed by an unaided human eye when tested for weath-
ering for 500 hours according to ASTM D4329.

32. The sheet of claim 1, wherein no visible deglossing is
observed by an unaided human eye after placement of the
sheet in an outside environment in Florida or Arizona for one
year.



